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In physiological environments, the interactions between implants and 
cellular tissues mainly take place at the surface of implants. The 
physicochemical properties of surface for the implanting material have a very 
close and direct influence on the recovery of tissues; On the other hand, 
tissues exert effect on the implants surface, leading to corrosion, degradation 
or modification. It has been widely accepted that improving the surface nature 
of bio-material is an effective approach to enhance the interactions between 
bio-material and organisms and to increase bio-compatibility and bio-activity 
of implants. However, in the case of titanium and its alloy, the most popular 
metallic material of medical and dental implants, the chemical bond fails to 
form between the implants and bones because of the divergence between their 
properties, especially lack of bioactivity at surface for the metallic implants. 
Great attempt has been made to develop various kinds of techniques of surface 
modification to enhance the bioactivity for medical titanium and its alloys. 
Two types of approach were explored in this work, (1) electrochemical 
etching and chemical etching, to form a desired surface nano-structures and 
increase the surface roughness, and thus it is possible to provide a framework 
for improving the adsorption of cells and enhancing bonding between 
bio-material coating and Ti substrate. (2) electrochemical deposition, to apply 
hydroxyaptite (HA), type I collagen and HA/COL biomimetic composite 
coatings in order to enhance the adsorption, recognition and reproduction 
behavior for the cells on the surface. 














etching lead to following changes on Ti surface, (1) a primary structure 
favoring stress distribution between implants and bone tissues was formed; (2) 
Proper etching current gave ris 
e to a highly ordered secondary nano structure which is suitable for 
biomolecular and cell adhesion; (3) Formation of pores in micron scale and a 
stable bioactive gel layer, not only multiplying the surface area but also 
increasing the bioactivity and corrosion resistance of titanium implants. 
Highly ordered, compact HA coatings with controllable microscopic 
morphology were obtained by the electrochemical deposition. Under specific 
conditions, the HA layer morphology was featured by granules shaped in 
needles or micro holes accordingly. The existence of HA coating with nano 
structure on surface accelerated the adhesion and growth of cell and raised the 
bioactivity of Ti implants distinctly. Furthermore, the HA and COL composite 
coating at the surface of Ti was able to increase the ductility of coating, and 
bioactivity and stability as well. 
The bioactivity and biocompatibility of all the studied titanium surfaces 
(Ti, chemical treated titanium, HA coated titanium and HA/COL composite 
biomimetic coated titanium) were investigated in vitro, by cell culture. The 
results showed the cell grew prosperously on all surfaces for the mentioned 
materials, no heterogeneity cell was detected. The cell body occupied the 
intergranual area and kept contact with the substrate closely, convincing the 
excellent biocompatibility of studied surfaces, among which HA/COL 
biomimetic composite coating exhibited the best bioactivity. 
 





































































































































超级不锈钢在人体液中的耐蚀性是 304不锈钢的 5倍，是 316不锈钢的 3
倍。这些合金已用在人工关节头、骨折连接用板和手术用螺丝等。 












































































结合类型 骨结合 形态结合 生物结合 
种植材料 生物活性材料 生物惰性材料 生物惰性多孔材料 
结合性质 分子水平的化学键合 机械嵌合 机械嵌合与表面交联 
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